U n i v e r s i t y , Kawauchi, Aoba-ku, Sendai 980 Japan A b s t r a c t -1 ) 1-Hydroxyazulene, 3-hydroxyguaiazulene, and 1-, 2 -, and 6-a z u l e n e t h i o l s were s y n t h e s i z e d and c h a r a c t e r i z e d , and some chemical and s p e c t r o s c o p i c p r o p e r t i e s were s t u d i e d .
a z u l e n e t h i o l s were s y n t h e s i z e d and c h a r a c t e r i z e d , and some chemical and s p e c t r o s c o p i c p r o p e r t i e s were s t u d i e d .
2 ) D i a z u l e n y l k e t o n e , t h i o k e t o n e and t h e i r d e r i v a t i v e s , and n o v e l T -e l e c t r o n i c compounds s u c h a s d i a z u l e n op y r i d i n e and hydroxyazulylydeneazulanone were s y n t h e s i z e d .
3 ) t r i -( la z u l e n y 1 ) m e t h y l c a r b o c a t i o n and i t s 3-methyl and 3-methoxycarbonyl d e r i v at i v e s were s y n t h e s i z e d . They showed h i g h pKR+ v a l u e (around 111, and were found t o e x i s t a s an e q u i l i b r i u m between two c o n f o r m a t i o n a l s t r u c t u r e s .
The c h e m i s t r y of a z u l e n e i n c l u d i n g s y n t h e s i s , p h y s i c a l and chemical p r o p e r t i e s h a s been ext e n s i v e l y s t u d i e d f o r more t h a n t h r e e decades ( r e f . 1 ) . The most c h a r a c t e r i s t i c f e a t u r e s of a z u l e n e s i s t h e c o n t r i b u t i o n of d i p o l a r s t r u c t u r e t o t h e ground s t a t e . I t h a s been c l a r i f i e d t h a t f u n c t i o n a l groups a t t a c h e d t o a z u l e n e showed d i f f e r e n t p r o p e r t i e s compared t o t h o s e a ttached t o benzenoid compounds.
I n t h i s p a p e r , we w i l l d e s c r i b e t h e s y n t h e s i s a n d some p r o p e r t i e s of newly f u n c t i o n a l i z e d a z u l e n e s and a z u l e n i c n o v e l T -e l e c t r o n i c compounds.
1 Syntheses and properties of I-hydroxyazulene, 3-hydroxyguaiazulene and I -, 2-and 6-azulenethiols 2-, 4 -, and 6-hydroxyazulenes; isomers of n a p h t h o l , h a v e b e e n r e p o r t e d t o e x i s t i n t h e i r t a u t o m e r i c f o r m s ( r e f . 21, d e p e n d i n g on t h e s o l v e n t u s e d . low t e m p e r a t u r e , a s g r e e n o i l i n q u a n t i t a t i v e y i e l d .
A t t e m p t e d s y n t h e s i
The compound (2) i s c o n s i d e r a b l y s t a b l e a t -3OoC, b u t e a s i l y polymerized a t room t e m p e r a t u r e and no k e t o n i c compound was o b t a i n e d . 1-Hydroxy-2-deuteroazulene (fl) was a l s o o b t a i n e d s t a r t i n g from 2 -d e u t e r o a z u l e n e . V i s i b l e abs o r p t i o n s p e c t r a ( F i g . 1 ) of (2, 2) and 3-methoxyazulene ( S ) , which showed a similar p a t t e r n , a s w e l l a s 'H-NMR s p e c t r a i n c l u d i n g v a r i a b l e t e m p e r a t u r e s p e c t r a ( F i g . 2 ) i n d i c a t e t h a t t h e 
E l e c t r o n i c s p e c t r u m a n d NMR o f t h e compound (2) i n d i c a t e t h a t t h e compound e x i s t s i n hydroxyazulene form.
The e t h e r a l s o l u t i o n o f 9 was allowed t o s t a n d a t room t e m p e r a t u r e f o r 12 h r ; t h e g r e e n c o l o r g r a d u a l l y changed t o brown, from which p a l e yellow n e e d l e s (lo) and k e t o form (11) o f 9 were i s o l a t e d i n 59% and 20% y i e l d s , r e s p e c t i v e l y . S e v e r a l r e p o r t s of t h e a t t a c h m e n t of t h e s u l f u r atom t o t h e a z u l e n e n u c l e u s have been found i n l i t e r a t u r e on a z u l e n e ( r e f . 1 , 6 ) . However, no r e p o r t on t h e s y n t h e s i s of a z u l e n e t h i o l s h a s been p u b l i s h e d , a l t h o u g h some e f f o r t s have been made i n t h i s r e s p e c t ( r e f . 6 ) .
S p e c t r o s c o p i c d a t a ( I R , NMR) of t h e compound (lo) were a l m o s t superimposable w i t h t h o s e of t h e p r o d u c t of
Here, we s y n t h e s i z e d 1-, 2 -, and 6 -a z u l e n e t h i o l s , isomers of n a p h t h a l e n e t h i o l . A c c o r d i n g t o t h e p a p e r o f R e p l o g l e ( r e f . 7), a z u l e n e was r e a c t e d w i t h s u l f u r d i c h l o r i d e y i e l d i n g d i -i -a z u l e n y l s u l f i d e (14) ( r e f . 7 ) , d i -1 -a z u l e n y l d i s u l f i d e (g) ( r e f . 61, and t r ia z u l e n e d e r i v a t i v e (E), i n 28%, i 7 % , and 7.3% y i e l d s , r e s p e c t i v e l y . Reductive c l e a v a g e of 
S i m i l a r l y , t h e r e a c t i o n of d i e t h y l 6-hydroxyazulene-I, 3 -d i c a r b o x y l a t e w i t h d i m e t h y l t h i o c a r b a m y l c h l o r i d e a f f o r d e d 0-a n d Sd i m e t h y l t h i o c a r b a m a t e s (22 and 2) i n 46% and 17% y i e l d s , r e s p e c t i v e l y . Treatment of 2 w i t h
100% phosphoric a c i d , followed w i t h a l k a l i n e h y d r o l y s i s , a f f o r d e d 6 -a z u l e n e t h i o l (s), a s b l u e n e e d l e s , mp 112-114'C, i n 43% y i e l d from 3.
M e t h y l a t i o n o f n e w l y o b t a i n e d a z u l e n e t h i o l s w i t h diazomethane a f f o r d e d t h e c o r r e s p o n d i n g m e t h y l t h i o d e r i v a t i v e s , and o x i d a t i o n w i t h i o d i n e o r DMSO y i e l d e d t h e i r c o r r e s p o n d i n g d i s u lf i d e s .
E l e c t r o n i c s p e c t r a of a z u l e n e t h i o l s (E, 21, i) show a s i m i l a r p a t t e r n w i t h t h e c o rresponding m e t h y l t h i o a z u l e n e s . These s p e c t r a a s w e l l a s t h e i r NMR s p e c t r a i n d i c a t e t h a t t h e s e a z u l e n e t h i o l s e x i s t a s t h i o l forms , n o t a s t h i o k e t o n e forms. 2 Syntheses of diazulenylketone, diazulenylthioketone, diazulenopyridine and hydroxyazulenylmethylidyneazulanone
Reaction of a z u l e n e w i t h o x a l y l c h l o r i d e i n methylene c h l o r i d e a f f o r d e d a m i x t u r e of known
d i ( 1 -a z u l e n y 1 ) k e t o n e (26) ( r e f . 8 ) and unknown d i ( 1 -a z u l e n y 1 ) e t h a n e d i o n e (a) i n 34% and 20%
y i e l d s , r e s p e c t i v e l y .
The k e t o n e was r e a c t e d w i t h phosphorous p e n t a s u l f i d e t o g i v e a s t a b l e t h i o k e t o n e ( 2 ) . R e a c t i o n s of 2 w i t h monoperphthalic a c i d and w i t h methyl i o d i d e a f f o r d e d a s t a b l e S-oxide (3) and m e t h y l t h i o c a t i o n (x), r e s p e c t i v e l y . The extreme s t a b i l i t y of t h e t h i o k e t o n e (3) and t h e S-oxide (9) must be a t t r i b u t a b l e t o t h e s t r o n g e l e c t r o n -r e l e a s i n g p r o p e r t y from t h e seven membered r i n g t o 1 and 3 -p o s i t i o n s o f a z u l e n e n u c l e u s . I t h a s been known t h a t a z u l e n e s e a s i l y r e a c t e d w i t h formaldehyde t o g i v e d i a z u l e n y l m e t h a n e d e r i v a t i v e s ( r e f . 9). The r e a c t i o n was a p p l i e d t o s u b s t i t u t e d a z u l e n e , and v a r i o u s subs t i t u t e d diazulenylmethane d e r i v a t i v e s w e r e o b t a i n e d i n good y i e l d a s shown i n T a b l e 1.
However, we found t h e r e a c t i o n of e t h y l 2-aminoazulene-1-carboxylate (11) w i t h formaldehyde t o a f f o r d a m i x t u r e of d i a z u l e n y l m e t h a n e (32) and s t a b l e a z u l a n e i m i n e (s) h a v i n g s p i r o s t r u c t u r e .
The l a t t e r was e a s i l y isomerized t o d i a z u l e n y l m e t h a n e d e r i v a t i v e (2) w i t h an eight-membered r i n g . Furthermore The compound (2) h a s a l r e a d y been synt h e s i z e d by Morita e t a l . by a m u l t i -s t e p r e a c t i o n s t a r t i n g from 2-aminoazulene ( r e f . 1 0 ) .
E l e c t r o n i c s p e c t r a o f t h e compounds (35 and 36) a r e shown i n Fig. 4 . Reaction of 2-hydroxyazulene (37) w i t h 2-hydroxy-I -f o r m y l a z u l e n e (38) i n t h e p r e s e n c e o f s t r o n g a c i d a f f o r d e d b i s [ l -(2-hydroxyazulenyl) ]methyl c a r b o c a t i o n (39). When t h e c a t i o n was t r e a t e d w i t h w a t e r , a n e u t r a l compound (40) was o b t a i n e d a s s t a b l e c r y s t a l s i n good y i e l d .
Ethoxycarbonyl d e r i v a t i v e ( R = C O O E t ) was a l s o o b t a i n e d i n a s i m i l a r manner. NMR of t h e com-
pounds showed a symmetrical p a t t e r n which i n d i c a t e s t h a t t h e compound m u s t e x i s t a s a f u l l y c o n j u g a t e d s t r u c t u r e (41) h a v i n g h y d r o g e n b o n d i n g c o n s i s t i n g of a n eight-membered r i n g .
E l e c t r o n i c s p e c t r a of 40 showed a f l a t t e n e d a b s o r p t i o n w i t h s t r o n g i n t e n s i t y ( F i g . 5 ) , d i ff e r e n t from an a z u l e n i c a b s o r p t i o n p a t t e r n . 
Synthesis of tri(1-azuleny1)methyI carbocations
R e c e n t l y v a r i o u s e x t r e m e l y s t a b l e hydrocarbon c a r b o c a t i o n s , shown i n Scheme 2 a s examples, have appeared i n t h e l i t e r a t u r e ( r e f . 1 1 ) . Many s t a b l e c a t i o n s i n c l u d i n g a z u l e n e n u c l e u s , e . g . , d i ( 1 -a z u l e n y 1 ) m e t h y l and t r i (1-azuleny1)methyl c a r b o c a t i o n s have a l s o been r e p o r t e d . However, no r e p o r t on t h e pKR+ v a l u e of t r i ( l -a z u 1 e n y l ) m e t h y l c a r b o c a t i o n h a s been made. S y n t h e s i s o f t r i (1-azuleny1)methyl c a r b o c a t i o n h a s been r e p o r t e d by two methods; one by t h e r e a c t i o n of a z u l e n e w i t h t e t r a e t h y l o r t h o c a r b o n a t e [C(OEt)4] i n t h e p r e s e n c e of a c i d r e p o r t e d by H a f n e r e t a l . ( r e f . 1 2 ) , and t h e o t h e r by t h e h y d r i d e a b s t r a c t i o n f r o m t r i ( 1 -azuleny1)methane by t r i p h e n y l m e t h y l c a r b o c a t i o n r e p o r t e d by Matsubara e t a l . ( r e f . 8 , 1 3 ) . W e a l s o o b t a i n e d t h e same compound w i t h t h e former c a t i o n b u t we found t h e NMR s p e c t r a of t h i s compound was t o o complex t o a n a l y s e .
Furthermore, we i s o l a t e d some c a t i o n by t h e r e a ct i o n o f a z u l e n e i n nitromethane-hydrogen c h l o r i d e w i t h o u t t e t r a e t h y l o r t h o c a r b o n a t e . I R of t h i s compound was superimposable w i t h t h e H a f n e r ' s c a t i o n .
T h e r e f o r e , t h e s t r u c t u r e of t h i s c a t i o n i s d o u b t f u l . The r e a c t i o n of 1-formylazulene w i t h two moles o f a z u l e n e i n a c e t i c a c i d a t room t e m p e r a t u r e a f f o r d e d t r i (1-azuleny1)methane (42) i n 30% y i e l d t o g e t h e r w i t h p e n t a a z u l e n e d e r i v a t i v e (43) i n 14% y i e l d .
S i m i l a r r e a c t i o n of 3-methyl-and 3-methoxycarbonyl-1-formylazulenes w i t h t h e s u b s t i t u t e d a z u l e n e s a l s o y i e l d e d t h e c o r r e s p o n d i n g t r i ( 1 -a z u l e n y l l m e t h a n e s (44 and 45) i n 
